Soil erosion is a global environmental problem that can lead to the loss of nutrients in topsoil layers, particularly in fragile karst environments where the low contents of organic carbon and steep slopes used to be key pedological and 15 geomorphological factors. Researching the erosion and deposition rates in small watersheds is important for designing efficient soil and water conservation measures. In this research, the Dapotou closed catchment, a representative depression in karst gabin basin, located in the Yunnan province, Southwest China, was selected to assess the variation of soil erosion and soil sediment mobilisation at different hillslope positions using the 137 Cs tracing technique. The results showed that the soil erosion rates in the shoulders, backslopes and footslopes were 0.87, 0.35 and 0.49 cm a -1 , respectively, meanwhile the soil sediment 20 rate in depression bottom was 2.65 cm a -1 . The average annual soil erosion modulus of the complete hillslope was 632 t km -2 a -1 , which confirmed in the serious gradation according to karst soil erosion standards. The soil deposition modulus reached up to 3180 t km -2 a -1 . The sediment delivery ratio summarized 0.82 in the whole catchment according to the square of hillslope and depression bottom. To identify which factor could play the most important role, a Principal Component Analysis was conducted. The results showed 137 Cs concentration of different soil depth at different hillslope positions were significant 25 correlated with soil organic matter (SOM) and total nitrogen (TN) (P<0.05). As the typical karst geomorphological types, these findings are expected to provide data support for the whole watershed soil erosion management and ecological restoration in this fragile karst ecosystem.
Materials and methods

Study area
The Dapotou depression is located in the Yangjie Town, Kaiyuan County, situated in the Yunnan Province from China (103° 70 17′ 25.63"-103°18′ 3.40" E, 23° 36′ 48.04"-23° 37′ 28.10"N) (Fig. 1) . This territory is a closed catchment with a drainage area of about 1.97 km 2 . Its elevations range from 1267 to 1413 m a.s.l. The underlying bedrock of the depression is a Triassic carbonate rock, which consists of Gejiu Group (T2g 3 ) and Falang Group (T2f 1 ) limestone. Most soils in this watershed have a soil texture of clay limestone materials. This territory experiences a subtropical monsoonal climate with two main seasons: a rainy season from June to September and 80 a dry season from October to May (Jiang, 2012) . The mean annual precipitation is 904 mm with an unimodal rainfall regime.
The rainy season precipitation accounts for 80 % of the annual precipitation. The average annual temperature is 18.3°C (the coordinates of the climate station is 103°19′12.76″E，23°37′17.25″N).
The study area has a depression bottom with a length of about 1000 m and an average width of about 60 m. The hillslopes and depression bottom itself are once-a-year cultivated with maize. There is a sinkhole in northeast of the bottom of depression 85 ( Fig. 1 ). Some steep slope areas are dominated by calcicole shrub and drought tolerant herbs. When experiencing a heavy rain, the bottom of the depression is submerged because the sinkhole is not able to canalize the total amount of runoff. Some part of the surface water infiltrates to the soil, and some other flow into the subterranean stream through the sinkhole. It uses to be at least once or twice flood events every rainy season.
Sampling tools and sampling design
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In this study, samples in nine cultivated hillslopes at three different hillslope positions (shoulder, backslope and footslope) and one at the depression bottom were collected in July 2017. Soil samples were taken considering a depth of 40 cm on each hillslope position (although in one site of backslope was sampled only to 30 cm deep because of the soil depth) and 240 cm at the depression bottom to ensure that the full radionuclide soil content was taken into account. To establish the vertical distribution of 137 Cs, the samples were collected by using a scraper with 5 cm increments. A total of 70 soil samples from the 95 hillslope and 48 soil samples from the depression. The bulk density of soil samples was measured by using a cutting ring.
Geographical coordinates and elevation of each sampling point were recorded by using a GPS device. After that, soil samples were transported to the laboratory and were sieved through 2 mm sieve to remove plant roots before air drying and performing the radionuclide and physicochemical property analyses.
We also select a control plot as a reference of the inventory site. Ideally, the land for the reference inventory should be flat and 100 undisturbed. However, it is difficult to find any completely flat land which has not been cultivated since the mid-1950s. Therefore, local reference samples of 137 Cs were collected in a relatively flat shrub-grassland site, located several kilometers from the study area(103°26′48.37″E, 23°29′20.15″N). The reference site is well vegetated and protected (undisturbed by the local residents). Five soil samples were then collected in this reference site and the average soil thickness of reference profile was estimated close to 20 cm.
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Laboratory analysis
The 137 Cs analyses were performed in the Institute of Mountain Hazard and Environment, Chinese Academy of Sciences. The 137 Cs content of the <2 mm fraction of each sample was measured by γ spectrometry using a hyper pure coaxial germanium detector and multichannel analyzer system. The samples have a weight of 300 g. 137 Cs was detected at 662 keV and counting times were more than 50 000 s, providing results with an analytical precision of approximately ±5% at the 95% level of 110 confidence.
Soil physicochemical properties were measured in Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences. Soil organic matter (SOM) was determined by dry combustion at 500 °C (Davis, 1974) . Total nitrogen (TN) and total phosphorus (TP) concentration were measured by using persulfate digestion method. Total potassium (TK) was measured by using flame photometry method. Soil pH was analyzed by using Mettler Toledo Seven Excellence pH meter.
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Conversion models
The 137 Cs inventory of soil profile in different hillslope position was calculated by using the following equation (Zhang et al., 2009b) :
Where CPI is the 137 Cs inventory (Bq m -2 ), represents the total amount of 137 Cs in sample; i is the sampling layer sequence; n is the quantity of sampling layer; Ci is 137 Cs concentration (Bq kg -1 ); Bdi is the bulk density of the i layer (g cm -3 ) and Di is the depth of i layer (cm).
Reference sample was considered using a bulk sample and the 137 Cs inventory was calculated following this equation (Zhang et al., 2009b) :
Where W is the weight of fine particles, S is surface area of sample plot.
A simplified Mass Balance Model is widely used for assessment of erosion rates on cultivated lands (Zhang et al., 1990) : N-1963 
Where A0 is the 137 Cs reference inventory (Bq m -2 ); A is the 137 Cs inventory at an erosion point (Bq m -2 ); h is the annual soil 
135
Where, R is the deposition rate (cm a -1 ), Hm is the depth of the peak in 137 Cs activity (cm), and n is the sampling year.
The deposited sediments used to be mixed into a plough layer by plough activities at the karst depression bottom land. The 137 Cs distribution depth at the deposited depression bottom is greater than the local reference inventory. Under the assumption that 137 Cs fallout were totally on the ground in 1963, the sediment deposition depth was derived from the equation (Bai et al.,
2010):
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ΔH=Hm-Hp
Where, ΔH is the sediment deposition depth since 1963 (cm); Hm represents the total 137 Cs distribution in profile (cm); Hp means the plough layer depth (cm).
The modulus of the soil erosion is calculated as follows:
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Y is soil erosion modulus (t km -2 a -1 ); D is the soil capacity (g cm -3 ). Data represent means and standard deviations (SD). Different lowercase letters indicate a significant difference among slope position. Figure 3 and Table 2 shows the variations of 137 Cs and soil properties for the selected hillslopes and different soil depths,
Variation of 137 Cs and soil physicochemical properties for the selected hillslopes at different soil depths
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respectively. In the shoulder, 137 Cs was mainly distributed in the topsoil (i.e., 0.38 Bq kg -1 in 0-5 cm and 0.89 Bq kg -1 in 5-10 cm soil). Below 10 cm, 137 Cs concentration decreased rapidly. There were no 137 Cs in 15-20 cm, 25-30 cm, 30-35 cm and 35-40 cm soil depths.
In the backslope, 137 Cs concentration ranged from 0.23 Bq kg -1 to 1.32 Bq kg -1 . 137 Cs was mainly distributed within 0-15 cm soil depth (i.e., 1.06 Bq kg -1 in 0-5 cm, 1.32 Bq kg -1 in 5-10 cm and 1.30 Bq kg -1 in 10-15 cm soil). The mean 137 Cs concentration 180 of the whole soil profile was 0.83 Bq kg -1 .
Finally, in the footslope, the 137 Cs concentration was mainly distributed within 0-10 cm. The peak concentration of 137 Cs was 7 https://doi.org/10.5194/soil-2019-94 Preprint. Discussion started: 20 January 2020 c Author(s) 2020. CC BY 4.0 License.
in the top 5 cm with a concentration of 1.61 Bq kg -1 , which was also the maximum concentration of whole hillslope. From the top 5 cm, 137 Cs concentration decreased with increasing soil depth. There were no 137 Cs in the 25-30 cm and 30-35 cm soil depths. The mean 137 Cs concentration in the foot slope was 0.58 Bq kg -1 .
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Based on the variance analysis considering the different five soil depths (0-5 cm, 5-10 cm,10-20 cm, 20-30 cm, 30-40 cm), 137 Cs concentration was significantly different (P<0.05). Multiple comparison showed 137 Cs concentration in 0-5 cm was significantly higher than that below 10 cm. 137 Cs concentration in 5-10 cm was significantly different with that in 10-20 cm, 20-30 cm and 30-40 cm, but it was not significant with the 0-5 cm. 137 Cs concentration in 10-20 cm, 20-30 cm and 30-40 cm showed no significant difference.
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Other soil properties (SOM, TN, TP) showed significant differences (P<0.05), meanwhile, TK and pH showed no significant differences among soil depths. SOM in 0-5 cm (1.89 g kg -1 ) was significantly higher than other soil depths and, even, SOM in 5-10 cm (1.40 g kg -1 ) was significantly higher than 20-30 cm (0.88 g kg -1 ), and 30-40 cm (0.62 g kg -1 ). TN in adjacent soil depths registered no significant differences. For example, TN in 0-5 cm (0.16 g kg -1 ) was significantly higher than the soil layers below 10 cm, but had no significant difference with 5-10 cm. TP in 0-5 cm (0.033 g kg -1 ) and 5-10 cm (0.035 g kg -1 )
195 were significant higher than the soil depths below 20 cm. Soil TP had no significant difference between two adjacent soil depths. 
137 Cs variation of depression bottom in different soil depth
We observed a possible trend in 137 Cs concentration (Figure 3 ): first increased with soil depth, and then decreased after 165 cm. The peak of 137 Cs concentration was in the 165 cm soil layer (2.38 Bq kg -1 ). The mean 137 Cs concentration in the whole 205 depression soil profile was 1.25 Bq kg -1 , higher than the 137 Cs concentration of the tested hillslopes. 
Potential connection between soil properties and sediment deposition rates
A principal component analysis (PCA) was carried out considering the above-mentioned variables related to sediment 210 deposition rates using 137 Cs. Fig. 4 showed a plot of the eigenvector in the plane of the first two components together with the PC scores in the plane of PC1 and PC2. On the first component, which explained 61.4% of the total variance, and the second component explained 23.6%, respectively. Sediment deposition rates (Cs) was significantly affected by hillslope positions, meanwhile, Cs closely related to SOM and TN. 9 https://doi.org/10.5194/soil-2019-94 Preprint. Discussion started: 20 January 2020 c Author(s) 2020. CC BY 4.0 License.
